Here we discuss the application of an edge detection filter, the Sobel filter of GIM P, to the recently discovered motion of some sand dunes on M ars. The filter allows a good comparison of an image HiRISE of 2007 and an image of 1999 recorded by the M ars Global Surveyor of the dunes in the Nili Patera caldera, measuring therefore the motion of the dunes on a longer period of time than that previously investigated.
Introduction
Since the edge detection approach is often involved in the digital image processing, we have several methods that we can apply to satellite images to detect, for instance, the boundaries of some landforms and their evolution. Classical procedures are based on the filtering with gradients and on operators such as those of Roberts, Previt and Sobel [1] . M ore sophisticated procedures are based on the operators of Hueckel and Humel, and on the estimation of statistical characteristics of the image as in the LoG and Canny detectors [1] . Besides, these procedures, several new methods have been proposed on grey-scale and color images; among them for instance, those proposed in [1] [2] [3] [4] . Some edge detection filters are also available in the GNU image manipulation program (GIM P). They are the edge, Laplace, Neon, Sobel and the difference of Gaussians, the details of which are given in [5] . Here, we will apply the GIM P Sobel filter as an example of the use of an edge detection method in enhancing the visibility of the motion of a dune on M ars.
Moving dunes on Mars
Only recently the dunes on M ars have been recognized as moving objects. This result has been achieved by means of the images coming from the satellites orbiting on M ars. These images showed that the dunes in the Gale Crater for instance, move at a rate of about 0.4 m/yr [6] . To investigate this motion the researchers used some images from the High Resolution Imaging Science Experiment (HiRISE), the camera onboard the M ars Reconnaissance Orbiter [7] . The researches evidenced also the sand motion in the Herschel Crater and in the Nili Patera caldera on M ars [8, 9, 10] . In [10] , it had been concluded that the rates of landscape modification on M ars and Earth are similar. An example of two HiRISE images, recorded three years apart, are given at Ref.11, showing the motion of a dune of the Nili Patera dune field. However, images of the same dune field are available, which had been recorded several years before by the camera of the M ars Global Surveyor. At Ref. 12 , we can find the HiRISE image (on the left in Figure 1 ). It is showing a set of dark sand dunes within the northeastern edge of the dune field in Nili Patera, which is a volcanic caldera in the region of the Syrtis M ajor on M ars. The dunes have a crescent shape, and therefore are defined as "barchans" in analogy with the dunes on Earth. The acquisition date of the image was 13 Figure 1) . The time interval between the HiRISE and the M OC images is of about 8 years and therefore we expect a larger displacement of the dunes, a respect to that shown in Ref.11, using two images, recorded three years apart. However, it is necessary to remark that HiRISE and M OC images have different resolutions and slightly different orientations. 
Using GIMP and S obel filtering
Let us try to compare the images using GIM P in order to find the motion of the dunes. We can select some dunes and adjust brightness and contrast [14] , such as we did in some recent papers [15, 16] to see the moving dunes on Earth. In the following Figure 2 , a barchans of the Nili Patera caldera field is shown: on the left, the M OC image of 1999 and on the right the HiRISE image of 2007. We can see the displacement of the toe of the dune: both images have been processed with GIM P to adjust brightness and contrast, to enhance the visibility of the surface of the ground. However, the images shown in Figure 2 can be further processed with the Sobel filter, adjusting its threshold to low levels. Here the filtered images are shown in inverted colors (Figure 3 ). The image in inverted colors can be used a layer and added to the corresponding original image of Figure 2 As a result of the Sobel processing and the use of its output as a layer added to the original image, we can see more clearly the displacement of the dune with respect to the ground. In [14] we proposed an estimation of the speed of the toe of this dune, which is approximately of 10 meters in eight years. This seems a large value, however, this is one of the smaller dunes in this dune field. On Earth we know that small dunes move faster that the large dunes: if we consider, as did in [10] , the same behavior for the dunes on M ars, this result is well posed.
Conclusion
Here we have discussed a simple image processing which is using an edge detection filter to compare a HiRISE image and a M ars Global Surveyor image, and investigate the motion of a barchan in the Nili Patera caldera on M ars. As the use of the GIM P processing is showing, an image processing and Sobel filtering allow a better comparison of images coming from two collections, in this case those of the M ars Global Surveyor and HiRISE.
